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Fallen wood decomposition of Pinus koraiensis and TMa amurensis 1 
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Abstract Fallen wood decomposition rale of pj llus koraiensis anc l Tilia amurensis ' n broadleaved Korean pine forest was 
studied in this paper. The result showed that decomposition rate of fallen wood was different from that of little diameter wood 
and coarse woody debris for the same tree species. Fallen wood decomposition was generally rotten from outside to inside. 
And decomposition speed of fallen woods was different according to tree species and site, and it was also related to diameter 
of fallen woods. Decomposition depth of jjn a amurensis fallen wood for 17 years was 14 cm, but that of pi mls koraiensis in 
the same condition was less than 7 cm. amurensis was decomposed faster than Pi nus koraiensis • For same tree species, 
if the diameter was small, the decomposition speed was quick. 
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Introduction 

Snag ind fallen wood was important components of forest 
ecosystem, nutrient pool for forest animals and microbes, 
also was important approach of energy flow and material 
flow ip forest. So forest ecologists attached importance to 
study on snag and fallen wood increasingly and newly 
developed the “Ecology of Wood decomposition”* 3,5 ' 61 . 

In research work in Changbai Mountain Forest Ecosys¬ 
tem, tile study * 4>7,8 ' 9,101 had been conducted in fallen wood 
since 80s, and the research range was very widespread. 
But these studies were mainly concerning sick and dead 
xylem decomposition of fallen wood, and mathematics 
models were developed for some tree species. The related 
research work was common for abroad. Undoubtedly, all 
these studies were important in finding out rules of fallen 
wood decomposition and rate of decomposition. But it had 
to be pointed out that most of these studies were limited in 
rules of weight varying per unit volume of sick and dead 
xylem and fallen wood, and rarely concerned to develop 
model on decomposition process and decomposition rate 
of whole fallen wood. Based on the above-mentioned 
decomposition process, rate for whole fallen wood of 
Pinus koraiensis and Tilia amurensis were studied using 
investigation data of fallen wood decomposition. As a 
supplement of the related studies, the decomposition proc¬ 
ess and rate of fallen wood were comparatively studied by 
developing model on fallen wood decomposition in re¬ 
search of Changbai Mountain Forest Ecosystem. 

Development mathematics model on decomposi¬ 
tion of whole fallen wood 

Density varying during fallen wood decomposition 
Fallen Wood decomposition was a complex process of 


biological physical chemistry. Although there were a lot of 
studies on fallen wood decomposition, mechanism of 
fallen wood decomposition was not clarified up to now. So, 
there was no unified knowledge on rule of decomposition 
in terms of theory. The mathematics models mainly were 
experimental models. In research work at Changbai 
Mountain Forest Ecosystem, the mathematics models of 
fallen wood decomposition mainly were individual expo¬ 
nent attenuation models such as equations (1) and (2). 

y ** Ae~ Bx (1) 

p x - (2) 

here: y means density of fallen wood and x means time for 

—B 

small fallen wood; P was equivalent to e and means 
decomposition rate; p x means decomposition rate in x 
years running. 

Variation of wood decomposition depth 

Except of heart rotting of trees, fallen wood decomposi¬ 
tion was generally rotten from exterior to interior. Alt¬ 
hough the bark, which was full of nutrient, was easy to 
decompose, wood was rotten slowly. The heartwood had a 
lot of fiber and xylem, which were difficult to decompose. 
The decomposition process was different for different 
trees and their site conditions. And studies about this way 
were few because the data were difficult to be acquired. 
So, research for fallen woods of different ages and decom¬ 
position of different depth could find out the relationship 
between decomposition depth and decomposition ages. 
Relationship between decomposition depth and density 
The wood density (y) was in linear relation with wood 
decomposition depth (x) and the relation was obvious. So 


1 This project was supported by Natural Science Foundation of China (No. 39670144) and funded by the Opened Research Station of 
Changbai Mountain Forest Ecosystem, Chinese Academy of Sciences. 
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equation (3) was used to describe the relationship between 
decomposition depth and density. 

y-A+Bx (3) 

Relationship between decomposition depth and age 
According to different decomposition depth (y) with dif¬ 
ferent age (t), the relation between them was found obvi¬ 
ous. Equation (4) was used to describe the relationship of 
them. 

y ** Ax d (4) 


hi these equations, y means the density of fallen wood 
decomposition; x means age or age sequence of fallen 
wood decomposition and x=l, 2, •••, n\ Q means density 
of wood; L means length of wood; R means diameter (unit: 
cm) of the middle segment of the fallen wood; A and B 
were experimental parameters. 

If L - 1, the above equations were . transformed' to 
equation (5). 

When the decomposition time was two years, the equa- 


Mathematics models of fallen wood decomposition 

According to equation (2) and (4), mathematics models of 
fallen wood decomposition were developed as follows. 

When tile decomposition time was one year, the equa¬ 
tion was: 

y,-Q* [fi’-CR-AO-le'-xL 


tion was: 


j R 2 -(/?-Acf) 2 ]e" &2 + 
yi Q -Ax‘)-(R-Ax‘)\t - 1 


When the decomposition time was n (a positive integer) 
years, the equation was: 


y„ ^Qtt^\(R-A( X -l)y-(R-A^) 2 ]xe B(n ^xL 



Relationship between decomposition age and decompo¬ 
sition depth 

To understand forest self-thinning, to find out the annual 
varying rule of forest litter-loss ratio and to determine 
decomposition in different depth and utilization value of 
fallen woods, it was necessary to know time of snag and 
fallen wood. Then, wood sample was collected in sap- 
wood of fallen wood. Density was measured and decom¬ 
position age (x ) was determined by equation (6) according 
to equation (2). 


If m - Ax B , then x „ {—) T ■ According to equa- 

A 

tion (5), decomposition density (y) of a certain depth (m) 
could also be calculated by equation (7). 

y - Q [(R - A(x - 1)* ) 2 - (R - m) 2 ] 5 - J,( " +1 - i> (7) 

R i. 

Where, m £ R and X £ ( —) B + 1 . 

A 


ln£, 

B 


Decomposition models of fallen wood of Pinus 
Koraiensis and Tilia amurensis 


Equally, if decomposition age (jc) was known, decom¬ 
position ratio and decomposition parameter (B) could be 
calculated by equation (2). Then decomposition in a cer¬ 
tain depth or layer could be determined easily. For exam¬ 
ple, according to equation (4), time (x ) of decomposition 
for a certain depth or layer (m) could be calculated. 


Decomposition models of fallen wood of Pinus koraien¬ 
sis 

According to Table 1, decomposition depth with different 
decomposition ages was calculated by equation (3), and 
the results were in Table 2. The mean relation coefficient 
was 0.95756 and the standard deviation was ± 0.04. 
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Tablq 1. Mean density with different decomposition depth of Pinus koraiensis fallen wood 

Age /a 

Layer ^leptli /cm 

0 

1 

3 4 7 

8 

10.5 

16 

45 

0.5 


0.3789 

0.3673 0.3505 0.3163 



0.1830 

0.1261 

2.0 

0.3893 


0.3751 0.3549 0.3374 




0.2120 

3.5 

0.3993 


0.3828 0.3732 0.3612 


0.3309 

0.3149 

0.240 

Table (2. Density depths with different decomposition ages of Pinus koraiensis fallen wood 




Decomp 

osition age /a 






1 

3 4 7 

8 

10.5 

16 

45 

Decomposition depth /cm 

1.6 

3.7 5.2 6.0 

6.2 

6.6 

6.6 

9.3 


According to data in Table 2, the relationship between 
decomposition depth (y) and decomposition age (x) was 


According to equation (5), decomposition model of 
fallen wood of Pirns koraiensis was equation (8). 


y = 2-2x 


0.4351 


(7?=0.92908). 


y, =24c'"» ( 1-1)"“')’ -(R-2.2 1““)’J *£(—)*»» ; 

y.-\t 22 ® 

*■ \ a nci 


y= Q , 


x >(—y™ 1 
2.2 


The relation coefficient of equation (8) was 0.88965. y 
means decomposition of Pinus koraiensis fallen wood 
when length (L) was 1. x means age or age sequence of 
fallen wood decomposition, and x=l, 2, ••*, n. Q means 
density of Pinus koraiensis and equals to 0.3839. 


Table 4. Density depths with different decomposition ages of 
Tilia amurensis fallen wood 



Decomposition age /a 

57 16 22 

Decomposition depth /cm 

7.2 8.0 16.2 14.1 


Decomposition models of fallen wood of Wia amurensis 

According to data (Table 3), density of Wia amurensis 
fallen wood was related to different layer, decomposition 
depth with different decomposition ages was calculated by 
equation (3) and tire results were in Table 4. The mean 
relation coefficient was 0.97463 ± 0.03. 


Table 3. Mean density with different decomposition depth of 
Tdia amurensis fallen wood 


Layer depth /cm 



Age /a 



0 

5 

7 

16 

22 

0.4 

j 0.4262 

0.3743 

0.3344 

0.2669 

0.2067 

2.0 

i 0.4595 

0.3938 

0.3799 

0.2859 

0.2479 

3.5 

i 0.4708 

0.4199 

0.3878 

0.3285 

0.2901 


According to data in Table 2, the relationship between 
decomposition depth (y) and decomposition age (x) was 

y = 2.9x 0549 (R=0.94175) (9) 

The relation coefficient of equation (10) was 0.91786. y 
means decomposition density of Tilia amurensis fallen 
wood when length (IS) was 1. x means age or age sequence 
of fallen wood decomposition, and x=\, 2, n. Q means 
density of Tilia amurensis and equals to 0.4595. 

According to equation (5) and (9), decomposition 
model of fallen wood of Tilia amurensis was equation 
( 10 ). 


' 

=G 7I Ze- 00275 rn+1 ~ ,j [ (R- 2.9 (rr —1)° 549 ) 2 -(R- 2.9 x 0 549 ) 2 } 

x= 

y 1 = 0 , 


x <,(—) 
2.9 


x>( 


R 

T9 


\ 

0.549 . 


I 

0.549 


( 10 ) 


Comparison of decomposition rate of Pinus Koraiensis 
and Ulia amurensis fallen wood 

As above-mentioned, decomposition speed of Pinus 


koraiensis fallen wood with tire same volume was slower 
than that of Tilia amurensis , and it was about 66% of (he 
decomposition speed of Tilia amurensis. The decomposi¬ 
tion depth of Pinus koraiensis was also shallower tlian that 
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of Tilia amurensis. For example, the decomposition depth 
of Tilia amurensis fallen wood which had been decom¬ 
posed for 17 years was 14 cm, and that of Pimis koraiensis 
was 7.5 cm. It was obvious that decomposition speed of 
Tilia amurensis fallen wood was faster tlian that of Pious 
koraiensis. The annual increase speed of fallen wood de¬ 
composition of Tilia amurensis was also bigger than that 
of Pinus koraiensis. Tlte reason was that Tilia amurensis 
wood was soft and with more nutrient, and it was decom¬ 
posed easily by insects and microbes. 

Generally, if the diameter of fallen wood was small, the 
decomposition speed was liigh. Certainly, fuller was de¬ 
composition, the longer was time of decomposition and 
the bigger was tire mean decomposition rate. 

Conclusions 

Tire rales of fallen wood decomposition were found out by 
using the developed decomposition lAodels of Pinus 
koraiensis and Tilia amurensis fallen woods 
Decomposition speed of fallen woods was different 
according to tree species and site, and it was also related 
to diameter of fallen woods. 

For one tree species, if tire diameter was small, tire de¬ 
composition speed was quick. Decomposition rates with 
different diameter could be calculated by equation (5). 
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